Hepatic lipidosis is a morphologic alteration characterized by excessive accumulation of lipid within hepatocytes. In cattle, miniature horses, donkeys, ponies, cats, and sheep, this condition develops in response to a negative energy balance (i.e., energy requirements are not matched by energy intake from feed). 2, 3, 6 The condition is uncommon in beef cows but common in dairy cattle with ''fatty liver syndrome'' or ''fat cow syndrome'' as a result of improper feeding during late lactation and the dry period. 5 The syndrome occurs particularly in high-yielding dairy cows when overfeeding during the dry period results in overfat cows at calving. A negative energy balance may result from parturition, high milk production, or anorexia from other disease states such as mastitis, displaced abomasum, and ketosis. As a result, excessive lipid is mobilized from body reservoirs, and fatty acids are transported to the liver, kidney, and muscle. The ability of the liver to process triglycerides for export as lipoproteins is limited; therefore, excess lipid is deposited as intracellular droplets of triglycerides.
Over a period of 13 months, four 3-year-old, pregnant bison (Bison bison) developed anorexia at 214-250 days (mean ϭ 226 days) of gestation (normal gestation, 275 days). The affected bison were part of a herd at the National Animal Disease Center (NADC), Ames, Iowa, that was used for brucellosis vaccine research. In 2 of the 4 cases, anorexia was accompanied by mucopurulent nasal discharge and an elevated respiratory rate. The third bison was lame from a recent pelvic fracture, and the fourth bison had no other clinical signs in addition to anorexia. In all cases the bison became progressively weaker as the duration of anorexia progressed. Within 2-10 days (mean ϭ 5 days) all the animals died or were euthanized by intravenous sodium pentobarbital because of the poor prognosis. Necropsy was conducted within 2 hours of death or euthanasia.
On postmortem examination all 4 bison had severely enlarged, pale yellow livers, with rounded edges and a greasy texture on the cut surface. Samples of liver floated in formalin. Bison with mucopurulent nasal discharge before death, as well as the bison that had not shown clinical signs other than anorexia, had moderate to severe, multifocal, necrosuppurative lesions (2-8 cm) within the right and left cranial lung lobes. The pleural surface of the affected lobes was covered with a fibrinopurulent exudate with multiple fibrinous adhesions to the costal pleura. Pleural fluid was turbid and malodorous, and contained fibrin strands. The lame bison had a traumatic separation of the left sacroiliac synchondrosis, with extensive hemorrhage and tearing within the surrounding musculature; urine was dark brown. All 4 bison were obese, with abundant perirenal and intra-abdominal fat, and were each carrying a single fetus with an average crown to rump length of 89 cm. Fetal development was normal for the stage of gestation, and no fetal lesions were seen. Samples of liver collected for light microscopic analysis were immersed in neutral buffered 10% formalin and processed routinely. Sections cut at 5 m were stained with hematoxylin and eosin (HE). Samples from 1 bison collected for electron microscopic evaluation were immersed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer at 4 C. After 2 hours of fixation, tissue samples were rinsed in cacodylate buffer, postfixed in 1% osmium tetroxide, dehydrated in alcohols, cleared in propylene oxide, and embedded in epoxy resin. Sections of liver were cut at 1 m, stained with toluidine blue, and examined by light microscopy. Ultrathin sections of appropriate areas were cut, stained with uranyl acetate and lead citrate, and examined with a Phillips 410 transmission electron microscope.
Microscopically, hepatocytes were swollen, with distortion of normal sinusoidal architecture. Hepatocytes in all zones of the lobule were affected equally. Individual hepatocytes contained numerous variably sized cytoplasmic vacuoles (microvesicular) surrounded by the little remaining, lightly eosinophilic cytoplasm (Fig. 1) . Multifocal small aggregates of neutrophils were scattered randomly throughout the parenchyma, whereas there were low numbers of lymphocytes around the portal areas. Electron microscopic evaluation of liver specimens revealed the displacement of hepatocellular cytoplasmic organelles by numerous variably sized, smoothly contoured vacuoles consistent with lipid inclusions (Fig. 2) . Sections of lung from bison with grossly visible lung lesions contained multifocal to coalescent areas of necrosis surrounded by moderate infiltrates of neutrophils, fibrin, and bacterial colonies of mixed morphology. Bronchioles were variably filled with neutrophils, mucus, and fibrin. Within and adjacent to the areas of necrosis, multiple vessels were occluded by fibrin thrombi containing moderate numbers of neutrophils. The pleural surface was covered by a variably thick layer of fibrin containing neutrophils. Samples of lung for bacteriologic isolation were not collected.
Blood for biochemical analysis was collected after 2 days of anorexia, just before euthanasia, from 1 bison with mucopurulent nasal discharge. At the same time blood was collected for comparison from 6 pregnant, age-matched bison not showing any clinical signs and eating normally, which were in the same experimental protocol and housed similarly. Compared with the unaffected bison the anorectic cow had decreased levels of total carbon dioxide (TCO 2 ) and glucose, and elevated levels of sodium, calcium, phosphorus, creatinine, alkaline phosphatase, ␥-glutamyltransferase (GGT), and nonesterified fatty acids (Table 1) . Hypoglycemia, decreased TCO 2 , elevated GGT, alkaline phosphatase, and nonesterified fatty acids are consistent with the biochemical abnormalities seen in cattle with hepatic lipidosis and reflect the dysregulation of glucose homeostasis and liver damage seen with disorders of excessive lipid mobilization. 2 As part of a herd used for brucellosis vaccine research, all bison were vaccinated at 4 months of age with Brucella abortus strain RB51, a an approved vaccine for the prevention of brucellosis in cattle. From the time of vaccination to adulthood and for breeding, bison were maintained on pasture and fed grass hay and a 13% protein-mixed ration for bison. At approximately 150 days of gestation the bison were moved inside biocontainment level-3 animal housing for experimental challenge with virulent B. abortus. The bison were housed individually in rooms of approximately 13.5-m 2 area. Once inside, they were fed a pelleted complete ration of 10%-13% protein with grass hay cubes. The bison were monitored twice daily for feed consumption and general appearance by animal care staff. In the affected bison, anorexia began 24-66 days (mean ϭ 41 days) after they entered the biocontainment barns and 2-60 days (mean ϭ 20 days) after challenge inoculation. For challenge inoculation the bison were anesthetized with carfentanil (0.004 mg/ kg) and xylazine (0.07 mg/kg) IM, and an inoculum of 1 ϫ 10 7 colony-forming units of B. abortus strain 2308 was instilled in the conjunctival sac. The effects of carfentanil were reversed by IV injection of 4 mg of naltrexone. During the period of time described above, a total of 53 bison were processed through the experimental protocol, with 4 (7.5%) showing the clinical and pathological changes described.
Pregnant ruminants are at increased risk of disorders of lipid metabolism. During pregnancy there is a 30%-50% increase in demand for glucose and amino acids to supply the growing conceptus. These demands are met almost exclusively by placental uptake of glucose and amino acids from the maternal circulation. 1 As placental glucose transport is through facilitated diffusion, it is dependent on a maternalfetal concentration gradient. For this reason energy-deprived ruminants are very susceptible to hypoglycemia such as that seen in the present report. Moreover, to meet fetal nutrient demands, within the dam there is increased hepatic gluconeogenesis, decreased peripheral glucose utilization, and increased mobilization of fatty acids from adipose tissues. Such changes minimize maternal glucose usage because maternal tissues preferentially use lipids for energy metabolism, thereby sparing glucose for fetal demands. 1 Disorders of excessive lipid mobilization are often considered metabolic disorders but, more appropriately, may be disorders of management and nutrition. Management of captive bison more closely resembles that of cow/calf operations than that of dairy operations. But hepatic lipidosis is rare in beef cows, except under certain management conditions, or in cows carrying multiple fetuses. 4 Although bison in the current report were managed more like beef cows than like dairy cows, several unique stressors associated with the research protocol likely contributed to the development of fatal hepatic lipidosis. Six production issues have been cited as key factors in the development of excessive lipid mobilization disorders: 1) increased late gestational nutritional demands of the developing fetal-placental unit, 2) reduced rumen capacity resulting from competition with fetal growth, 3) improper, declining, or interrupted nutrition, 4) stresses related to management, weather, transport, handling, or predators, 5) concomitant diseases, and 6) individual susceptibility. 4 In the current report the combined effects of late gestation, interrupted feed intake, stress of handling and transport, and concomitant disease likely contributed to the development of fatal hepatic lipidosis, but the stress of individual animal biocontainment housing, anesthesia, and obesity also likely contributed to a state of negative energy balance, with the resulting clinical and pathological changes similar to those described in other species with lipid mobilization disorders. As with the affected bison in the present study, fatal hepatic lipidosis has been recently described in obese bison in late gestation; therefore, obesity during late gestation should also be included as a key factor in the development of fatal he- A disease syndrome associated with excessive lipid mobilization and hepatic lipidosis has not been previously identified in bison. These findings suggest that pregnant bison are susceptible to such a syndrome. Although the bison in the current report were exposed to various unique stressors that are not present in commercial bison captive herds, bison producers and veterinarians should be aware of the potential for such changes and monitor feeding of pregnant bison as well as potential stressors that could initiate anorexia and negative energy balance situations.
